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I Introduction 
This document summarizes the DWR/USBR jointly developed 2020 Level-of-

Development Benchmark Study, BST_2020D09D_ANNBENCHMARK_2_1, using 
The California Department of Water Resources ANN Salinity Model for representing 
Delta flow-salinity relationships.   

The model applied in developing this study is the joint DWR/USBR 
operations planning model, CALSIM II.  The CALSIM Water Resources Simulation 
Model application 1.2.2 was used to run this study.  The latest model application is 
available for downloading at http://modeling.water.ca.gov/branch/computer_models.html. 

 
This study has been developed under the oversight of the 

CALFED/DWR/USBR Technical Coordination Team.   

CALSIM II is a general-purpose planning simulation model developed by 
DWR and USBR for simulating the operation of California’s water resources 
system, specifically the CVP and SWP.  On a monthly time-step, CALSIM II utilizes 
optimization techniques to route water through a network.  A linear programming 
(LP)/mixed integer linear programming (MILP) solver determines an optimal set of 
decisions for each time period given a set of weights and system constraints.  A key 
component for specification of the physical and operational constraints is the 
WRESL language.  The model user describes the physical system (dams, 
reservoirs, channels, pumping plants, etc.), operational rules (flood-control 
diagrams, minimum flows, delivery requirements, etc.), and priorities for allocating 
water to different uses in WRESL statements. 

It is intended that CALSIM II be used in a comparative mode.  The results 
from a “With Project” alternative simulation are compared to the results of a 
Benchmark simulation to determine the incremental effects of a project.  The results 
from a single simulation may not necessarily represent the exact operations for a 
specific month or year, but should reflect long-term trends.  The model should be 
used with extreme caution to prescribe seasonal or to guide real-time operations, 
predict flows or water deliveries for any real-time operations. 

 

II Key Model Results for Benchmark Study Version 
BST_2020D09D_ANNBENCHMARK_2_1 (ANN) 

 
 This section presents key results regarding project water supply capabilities, 
project operations as well as CVPIA (b)(2) and EWA operations as simulated by the 
model. 

http://modeling.water.ca.gov/branch/computer_models.html


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

II.1. Water Supply 
 

 
 
 
 
 

2 
 



 

 

 

Table II.1.1 shows the average annual deliveries for the SWP and CVP for the 
historical dry period of 1928 through 1934 and 73-year long-term.  The average 
annual SWP south-of-Delta firm delivery in the dry period of 1928 through 1934 is 
1920 taf and 3083 taf long-term.  The average annual SWP interruptible delivery in 
the dry period of 1928 through 1934 is 11 taf and 78 taf long-term.  The average 
annual for CVP north-of-Delta delivery in the dry period of 1928 through 1934 is 
2115 taf and 2273 taf long-term.  The average annual CVP south-of-Delta delivery 
in the dry period of 1928 through 1934 is 1679 taf and 2447 taf long-term. The 
average annual CVP south-of-Delta agricultural delivery in the dry period of 1928 
through 1934 is 343 taf and 981 taf long-term. 
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 Table II.1.2 shows the percent annual water year allocation for SWP and 
CVP.  SWP north-of-Delta includes Feather River (FRSA) and municipal and 
industrial (MI) allocations.  SWP south-of-Delta includes Metropolitan Water District 
(MWD), agriculture (AG) and other municipal and industrial (MI) allocations.  CVP 
north-of-Delta includes agriculture (AG), Settlement Contractors (SC), municipal 
and industrial (MI) and refuge (RF) allocations.  CVP south-of-Delta includes 
agriculture (AG), municipal and industrial (MI), exchange contractors (EX) and 
refuge (RF) allocations. 
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Figure II.1.1
Frequency of Total SWP south-of-Delta Deliveries Reliability
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Figure II.1.1 shows the frequency of total annual SWP south-of-Delta full 
entitlement reliability.  In 50 percent of the years, at least 83% of the SWP south-of-
Delta full entitlement is met.  
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Figure II.1.2 

Frequency of SWP Interruptble Delivery
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Figure II.1.2 shows the frequency of total annual SWP interruptible delivery.  
In about 50% of the years, the total annual interruptible delivery is at least 5 taf. The 
average annual interruptible delivery is 78 taf. 
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Figure II.1.3 
Frequency of Total CVP SOD Delivery
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Figure II.1.3 shows the frequency of total annual CVP south-of-Delta delivery.  
In 50 percent of the years, the total annual CVP south-of-Delta delivery is at least 
2,665 taf.  The average annual CVP south-of-Delta delivery is 2,447 taf. 
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Figure II.1.4
Frequency of Total CVP SOD Ag Delivery
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Figure II.1.4 shows the frequency of total CVP south-of-Delta delivery to 
agricultural contractors.   In 50% of the years, the total annual CVP south-of-Delta 
delivery to agricultural contractors is at least 1,127 taf.  The average annual CVP 
south-of-Delta delivery to agricultural contractors is 981 taf. 
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 Figure II.1.5 
Frequency of Total CVP NOD Delivery
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Figure II.1.5 shows the frequency of total CVP north-of-Delta delivery.   In 
50% of the years, the total annual CVP north-of-Delta delivery is at least 2,328 taf.  
The average annual CVP north-of-Delta delivery to agricultural contractors is 2,273 
taf. 
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II.2. CVPIA (b)(2) Operations 
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Figure II.2.1 

Total End of Year (b)(2) Costs
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Figure II.2.1 shows the total end of year (b)(2) costs and the beginning of year 
(b)(2) account.  The cost is computed from the (b)(2) study with D1485 as the 
baseline. The heavy line shows the total (b)(2) account limit at the beginning of 
each year (800 taf in normal years, 600 taf in Shasta critical years).  The bars show 
the actual total end of year (b)(2) costs for each year.  There are several years 
throughout the 73-year study period in which the total (b)(2) cost exceeded the 
(b)(2) account.  This can happen for several reasons: 1.  CVP costs, as measured 
through (b)(2) metrics, of satisfying WQCP standards exceed the allocated (b)(2) 
account. This is the primary cause for account over-expenditures. 2.  CALSIM is a 
monthly time-step model and will impose a (b)(2) action as long as there is a 
balance in the (b)(2) account at the beginning of the month and reserve criteria are 
satisfied.  When a (b)(2) action is imposed, it is imposed for the entire month, and 
the action taken resulted in a cost more than the remaining (b)(2) account balance.    

There are also years when the total (b)(2) cost is less than the (b)(2) account 
limit as shown in the chart.  In those years, all of the (b)(2) actions are taken, but 
the total cost of those actions is less than 800 taf or 600 taf (b)(2) account. 
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Figure II.2.2
Total Annual  WQCP Cost
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Figure II.2.2 shows the total annual CVP WQCP costs.  This is the total cost, 
as measured through (b)(2) accounting metrics, to the CVP due to regulatory 
requirements of the WQCP.  The cost is computed in the (b)(2) study using the 
results of the WQCP and D1485 studies, with D1485 as the baseline.    
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Figure II.2.3
Percent of Time (b)(2) Actions Taken
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Figure II.2.3 shows the percent of time (b)(2) actions are taken during the 73-

year study period.  The (b)(2) actions are imposed on the CVP system only.   
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II.3. EWA Operations 
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Figure II.3.1

Percent of Time EWA Actions Taken
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Figure II.3.1 shows the percent of time EWA actions are taken.  While the 

(b)(2) actions are imposed only on the CVP system, EWA actions are imposed on 
both the SWP and CVP systems.  Four of the EWA actions are the same as the 
(b)(2) actions.  The EWA would impose actions only on the SWP if (b)(2) actions 
were imposed on the CVP.  However, if (b)(2) actions were not imposed on the 
CVP because the (b)(2) account is exhausted, then the EWA will impose actions on 
both the CVP and SWP as long as the EWA has sufficient collateral to repay the 
debt to the projects.    
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Figure II.3.2

Percent of Times (b)(2) and EWA Actions Taken
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Figure II.3.2 shows the percent of time (b)(2) and EWA actions are taken.  
The actions are common to (b)(2) and EWA.  These are percent of times when: 

• (b)(2) actions are taken on the CVP, and EWA actions are taken on the SWP 
(this qualifies as one full action taken) 

• no (b)(2) action is  taken on the CVP, but EWA actions are taken on both the 
SWP and CVP (this qualifies as one full action taken) 

• or (b)(2) actions are taken on the CVP, and EWA does not take actions (this 
qualifies as one half action taken) 
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Figure II.3.3

Frequency of Joint Point Use for EWA
 (Includes 500 cfs July through September)

0

50

100

150

200

250

300

350

0102030405060708090100

Percent of Time at or Above

EW
A

 U
se

 o
f J

PO
D

 (t
af

)

 
Figure II.3.3 shows the frequency of total annual use of joint-point-of-diversion 

for the EWA.  This represents the total use of joint-point-of-diversion at Banks 
Pumping Plant to export water for the EWA, including a north-of-Delta purchase, 
EWA water stored in north-of-Delta project reservoirs, and surplus water.  The 
average annual total use of joint-point-of-diversion for the EWA is 72 taf. 
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Figure II.3.4
EWA Use of JPOD and Dedicated 500 cfs Banks Capacity to Transfer NOD Purchase

0

20

40

60

80

100

120

140

160

19
22

19
25

19
28

19
31

19
34

19
37

19
40

19
43

19
46

19
49

19
52

19
55

19
58

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

Water Year

EW
A

 J
P 

(ta
f)

Use of 500 cfs to Move NOD Purchase In July-Sep Other Use of JPOD to Move NOD Purchase

 
Figure II.3.4 shows the use of JPOD and dedicated 500 cfs to transfer the 

north-of-Delta EWA purchase.  EWA north of Delta purchased water is moved 
through Banks Pumping Plant during Jul-Sep at the earliest possible opportunity. 
The purchased water is transferred through the EWA dedicated additional 500 cfs 
capacity at Banks in July through September if existing JPOD capacity is limiting.  
Average annual EWA usage of the additional 500 cfs Banks capacity is 9 taf. 

 

19 
 



 

Figure II.3.5
EWA Use of JPOD and Dedicated 500 cfs Banks Capacity 

toTransfer NOD Storage and Delta Surplus
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Figure II.3.5 shows total annual transfer of EWA water from north-of-Delta 

EWA storage and Delta Surplus into San Luis Reservoir through the use of joint-
point-of-diversion and dedicated 500 cfs capacity through Banks Pumping Plant.  
When the EWA takes an action to reduce exports, the amount of storage backed up 
in Lake Oroville, Shasta Lake, or Folsom Lake as a result of EWA imposed export 
reduction is credited to the EWA account in those reservoirs.  The transfer of EWA 
water from the northern reservoirs is prevalent in dry years because 
• EWA storage in northern reservoirs is usually higher in dry years where EWA is 

less likely to lose its storage account due to flood control spills.   
• There is sufficient joint-point-of-diversion capacity available at Banks Pumping 

Plant to transfer EWA water in dry years 
 

EWA NOD stored water, when available, is moved to EWA SOD storage when 
EWA has capacity at Banks – first with the 50% of JPOD capacity and then using 
the 500 cfs additional Banks capacity (July-Sept) if not used by north-of-Delta 
purchase.  This typically occurs during Jun-Aug, but can occur in any month. 

The average annual transfer of EWA water from north-of-Delta reservoirs to San 
Luis reservoir is 26 taf.   
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Figure II.3.6
EWA Assets Utilized
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Figure II.3.6 shows EWA assets utilized by water-year type.  The assets 

shown include south-of-Delta purchase, 500 cfs additional Banks Pumping Plant 
capacity, the remainder of the 50% of joint-point-of-diversion capability, and 50% of 
(b)(2) SWP gain.  The average asset from south-of-Delta purchase is 79 taf/year in 
dry and critical years, 150 taf/year in above and below normal years, and 185 
taf/year in wet years.  The average asset from 500 cfs additional Banks Pumping 
Plant capacity is 17 taf/year in dry and critical years, 7 taf/year in above and below 
normal years, and 0 taf/year in wet years.  The average remaining asset from 50% 
of joint point of diversion capability is 116 taf/year in dry and critical years, 54 
taf/year in above and below normal years, and 5 taf/year in wet years.  The average 
asset from 50% of (b)(2) SWP gain is 6 taf/year in dry and critical years, 4 taf/year 
in above and below normal years, and 9 taf/year in wet years.  These are the major 
assets that the EWA utilizes to accumulate collateral south-of-Delta so that it can 
repay debt to the projects when it imposes an EWA action.   
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Figure II.3.7
SOD EWA Unpaid Debt
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 Figure II.3.7 shows the south of Delta EWA unpaid debts for each water 

year.  The south of Delta EWA unpaid debt ranges from 0 to 351 taf.  The average 
south of Delta EWA unpaid debt is 49 taf/year. 
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Figure II.3.8
EWA north-of-Delta and south-of-Delta Purchase
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Figure II.3.8 shows EWA south-of-Delta and north-of-Delta purchase.  The 

south-of-Delta purchase amounts are 50 taf/year in critical years, 100 taf/year in dry 
years, 150 taf/year in above and below normal years, and 185 taf/year in wet years.  
The north-of-Delta purchase amounts are 135 taf/year in critical years, 85 taf/year 
in dry years, 35 taf/year in above and below normal years, and 0 taf/year in wet 
years.  The EWA uses the purchase water to repay debts to the projects.  
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Figure II.3.9

EWA Storage in San Luis Reservoir 
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Figure II.3.9 shows EWA San Luis storage.  This is EWA’s storage account in 

San Luis Reservoir.  This is a part of the south-of-Delta EWA collateral that the 
EWA accumulates from the various assets.  The collateral is used to repay EWA 
debts to the projects when EWA incurs a debt on the projects by taking an EWA 
action.  EWA will lose its storage in San Luis reservoir if storage is filled.  EWA 
storage is usually high in dry years because: 

• During dry years, EWA actions do not cost as much water because baseline 
deliveries are low.  Therefore, EWA does not have much debt to repay to the 
projects.   

• San Luis reservoir has storage capacity available for EWA to store its water. 
EWA San Luis reservoir does not spill for several consecutive years.  

• In dry years, EWA has more opportunity to back up water in Lake Oroville, 
Shasta Lake, and Folsom Lake because there is less chance of losing that 
water due to flood control spills from the reservoirs.   

• There is sufficient joint-point-of-diversion capacity available at Banks Pumping 
Plant. 
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Figure II.3.10

NOD SWP EWA Unpaid debt
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Figure II.3.10 shows the north of Delta SWP EWA unpaid debts for each 
water year.  This debt is calculated as the storage difference at Oroville Reservoir in 
the EWA versus WQCP run for each water year.  The north of Delta SWP EWA 
unpaid debt ranges from 0 to 134 taf.  The average north of Delta SWP EWA 
unpaid debt is 12 taf/year.  This debt is paid to Oroville as SWP add-water.  Much 
of this debt may come from flood release water lost due to export curtailments. This 
loss leads to a lower San Luis level in the EWA versus the WQCP run and thus 
more water to be pulled out of Oroville Reservoir in the EWA run to meet rule curve. 
Also the 100% activation of VAMP may contribute to the NOD SWP EWA unpaid 
debt.  Further review of north of Delta EWA unpaid debt may be needed. 
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Figure II.3.11

NOD CVP EWA Unpaid Debt

0

50

100

150

200

250
19

22

19
24

19
26

19
28

19
30

19
32

19
34

19
36

19
38

19
40

19
42

19
44

19
46

19
48

19
50

19
52

19
54

19
56

19
58

19
60

19
62

19
64

19
66

19
68

19
70

19
72

19
74

19
76

19
78

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

Water Year

(ta
f)

(Shasta+Folsom)(b)(2) -
(Shasta+Folsom)EWA
Average

 

Figure II.3.11 shows the north of Delta CVP EWA unpaid debts for each water 
year. This debt is calculated as the storage difference at Shasta and Folsom Lakes 
in the EWA versus (b)(2) run for each water year.  The north of Delta CVP EWA 
unpaid debt ranges from 0 to 199 taf.  The average north of Delta CVP EWA unpaid 
debt is 23 taf/year. 
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II.4. Trinity River 
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Figure II.4.1
 Trinity Lake Storage
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Figure II.4.1 shows Trinity Lake storage.  The reservoir is operated to meet the 
Trinity River minimum required flow and export of water to the Sacramento River 
system. 
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Figure II.4.2
Total Annual Trinity River Minimum Instream Flow
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Figure II.4.2 shows the total annual Trinity River minimum instream flow for all 
years.  The flows varied from 369 taf/year in dry years to 817 taf/year in wet years, 
based on the Trinity River index. 
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Figure II.4.3
Total Annual Trinity River Export
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Figure II.4.3 shows the total Trinity River water exported annually to the 

Sacramento River system.  The average annual export is 584 taf. 
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II.5. Sacramento River 
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Figure II.5.1

Shasta Lake Storage
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Figure II.5.1 shows Shasta Lake storage.  There are 14 years in which the 
Shasta Lake carryover storage is lower than 1.9 maf.  In 7 of those years, the 
carryover storage is between 1,000 and 1,900 taf, and in 7 of those years, the 
carryover storage is between 550 and 1000 taf.  Most of the low carryover storage 
occurs in dry years including 1924, the 1928 through 1934 dry period, 1977, and 
the 1986 through 1992 dry period.  In those dry years, Shasta reservoir is operated 
mostly to meet fish releases or temperature control flows at Keswick Dam or 
navigational control flow requirements.  The CVP Settlement Contractors (full 
allocation 2.2 maf/year) are assumed to use their entire yearly allocation, whether 
full or 25% deficiency.  This is a conservative approach that aggravates the low 
Shasta carryover problem in this simulation.  While it is likely that NMFS and 
Reclamation would develop extraordinary measures to avoid carryover as low as is 
shown here in dry years, it is not possible to simulate this adaptive management 
approach with this version of CALSIM. 
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Table II.5.1 shows the factors controlling Shasta releases. In the May 1928 to 
October 1934 dry period, there are 35 months when Keswick (Fish releases or 
temperature flows), 31 months when NCP (Navigational Control Point) controls, and 
12 months when Other (Delta requirements, flood control release, Delta exports or 
Sacramento River diversions) control.   
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Figure II.5.2
Sacramento River Flow Below Keswick Dam 
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Figure II.5.2 shows the simulated and minimum instream required flows in the 
Sacramento River below Keswick Dam.  The minimum required flows (Fish 
releases and temperature control flows) tend to control the releases from Keswick 
Dam in the dry years. 
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II.6. American River 

36 
 



 
 

Figure II.6.1 
Folsom Lake Storage
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 Figure II.6.1 shows Folsom Lake storage.  In most months in dry years, 
Folsom Lake release is controlled by the fish release flows at Nimbus. 
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Table II.6.1 shows the factors controlling Folsom Lake release. In the May 1928 to 
October 1934 dry period, there are 44 months when Nimbus minimum required flow 
controls and 34 months when other (American River diversions, Delta required 
flows, Delta exports, or flood control releases) controls.  
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Figure II.6.2
American River Flow at Nimbus Dam 
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Figure II.6.2 shows the simulated and minimum instream required flows in the 
American River below Nimbus Dam.  The minimum instream flows at Nimbus tend 
to control Folsom reservoir operations in some months of most years. 
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Figure II.6.3
American River Flow at H St 
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Figure II.6.3 shows the simulated and minimum instream required flows in the 
American River at H Street.  The minimum instream flows at Nimbus tend to control 
Folsom reservoir operations in some months of most years. 
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II.7. Feather River 
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 Figure II.7.1
Lake Oroville Storage
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Figure II.7.1 shows Lake Oroville storage.  The lowest storage value is 408 
taf. 
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Figure II.7.2
Feather River Flow Below Thermalito
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Figure II.7.2 shows simulated and minimum instream required flows in the 
Feather River below Thermalito Diversion Dam.  The simulated flows are almost 
always higher than the minimum required flows.  The river’s minimum instream flow 
does not control Oroville reservoir operations in most years. 
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II.8. Stanislaus/San Joaquin Rivers 
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 Figure II.8.1
New Melones Reservoir Storage
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Figure II.8.1 shows New Melones Reservoir storage.  
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Figure II.8.2
Stanislaus River Flow Below Goodwin Dam
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Figure II.8.2 shows the simulated and minimum instream required flows in the 
Stanislaus River at Goodwin.  The minimum instream flows tend to control New 
Melones releases at Goodwin Dam in some months of most years. 
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Figure II.8.3
San Joaquin River simulated flow at Vernalis
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Figure II.8.3 shows the simulated San Joaquin River flow at Vernalis.  
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II.9. Delta 
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Figure II.9.1
Total Required Delta Outflow
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Figure II.9.1 shows the total annual required Delta outflow.  The total required 
outflow is the flow needed to meet X2 and minimum outflow requirements.  The 
average annual total required Delta outflow is 6437 taf. 
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Figure II.9.2
Total Delta Outflow
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Figure II.9.2 shows annual total Delta outflow.  The average annual total Delta 

outflow is 14412 taf.   
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Figure II.9.3
X2 Position 
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Figure II.9.3 shows the monthly resulting X2 position.  The X2 position ranges 
from 42 km to 90 km. 
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Figure II.9.4
Average Monthly QWEST Flows
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Figure II.9.4 shows the average monthly QWEST flows.   
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II.10. South-of-Delta 
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Figure II.10.1
SWP San Luis Reservoir Storage 
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Figure II.10.1 shows SWP San Luis reservoir storage.  The low points shown 
do not include EWA’s storage debt owed to the SWP.  The September end-of-
month storage in SWP San Luis includes EWA debt payback. 
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Figure II.10.2
CVP San Luis Reservoir Storage 
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Figure II.10.2 shows CVP San Luis reservoir storage.  The low points shown 
do not include EWA’s storage debt owed to the projects.  The September end-of-
month storage in CVP San Luis Reservoir includes EWA debt payback. 
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